A technique for the fabrication of luminescence based fiber optic optrodes with multiple analyte sensitivity is proposed. Combination of photosensitive polymers doped with different luminescent indicators was used to produce fiber probes, by self-guiding photopolymerization, having different geometries and sensing capabilities. Results demonstrating the method flexibility are shown with luminescent probes doped with CdSe/ZnS quantum dots and an organometalic ruthenium complex for simultaneous detection of oxygen and temperature.
INTRODUCTION
Fiber optic luminescence based sensors are presently recognized as a very attractive solution for the detection of chemical and biological analytes in a diversity of applications including environmental monitoring, food industry and the biomedical field. Sensitivity, fast response times, versatility and multiplexing ability, together with remote real time operation, are some of their most attractive features. While the detection of widely different analytes, from oxygen to heavy metals or even explosives, using fiber optic optrodes has been successfully reported, still several challenges must be overcome in order for these technologies to reach the market [1] .
The immobilization of the luminescent indicators at the fiber surface, in particular, is of critical importance as it will ultimately determine sensor performance, reliability and longevity. Leaching, analyte permeability and interferences with the indicator properties are some of the most important obstacles to a good performance. Physical encapsulation of indicators in different polymer hosts is a simple effective technique which, however, suffers from dye leaching and sometimes poor adhesion to glass. Some solutions have been proposed to solve these problems, such as covalent immobilization based on sol-gel chemistry [2] , but this method requires careful preparation and it sometimes lacks reproducibility and long term stability. Layer-by-Layer electrostatic self-assembly is an interesting alternative [3] , particularly when the coating of irregular surfaces is needed. However, although it provides a very fine control of membrane thickness, which is built by adding successive molecular layers, the fabrication of thicker films can be a very tedious and time consuming procedure.
Most of the fiber optrodes reported use single indicator membranes. Very often, the combination of different indicators in the same probe requires the application of different chemical procedures for each indicator increasing fabrication complexity [4] [5] . In this context, the establishment of techniques that allow the fabrication of fiber optic optrodes with multiple indicator dyes using straight forward methods is highly attractive. Methods using photopolymerization, are particularly attractive for fiber based application as they allow for potentially fast fabrication procedures. Uttamlal et al. have demonstrated the covalent immobilization of indicator dyes in single mode and in imaging fibers using fiber guided photopolymerization [6] . While Ca 2+ and pH were successfully detected using this system, the immobilization procedure was time consuming due to the need of pre-treating the fiber surface. More recently, self-guided photopolymerization, was introduced to fabricate microtips at the end of optical fibers. Controlling exposure time, radiation dose, actinic wavelength and chemical composition, different geometries, waveguides and even interferometric sensing devices could be produced at the tip of single mode fibers [7] [8] [9] [10] . In this work the fabrication of dual indicator luminescent fiber probes using a similar technique is reported.
EXPERIMENTAL
Precursor polymer solutions were prepared following a procedure described elsewhere [7] . In the present case, we used a photoinitiator with a maximum absorbance at 405 nm to avoid any fluorescence due to residual photoinitiator in the polymer matrix. These precursor solutions where then modified and doped with the luminescent indicators. In particular, solution 1 was doped with CdSe/ZnS nanocrystals (~1 mg/L), with a stabilizing TOPO (Trioctyl-Phosphine Oxide) layer, from Evident Technologies, having an emission peak at 520 nm. These were used to produce temperature sensitive polymers. On the other hand, solution 2, was doped to saturation with the complex Tris(2,2-bipyridine) ruthenium(II) chloride hexahydrate (Ru(bpy)) from Sigma Aldrich, with emission peak at 620 nm and used to produce oxygen sensitive polymers.
The fabrication set-up consisted in a 405 nm diode laser (Cube 405 from Coherent, 100 mW) [7] coupled into the proximal fiber tip of a multimode silica fiber with 550/600 μm core/cladding diameters. A drop of the precursor solution was deposited into the distal fiber tip (drop method) or, alternatively, the fiber tip was immersed into the precursor solution vial (solution method). The excitation light was then guided into the distal end of the fiber where the polymerization process took place. Depending on the exposure time, excitation power level and solution viscosity, different sensing probe geometries could be fabricated. The probes obtained could then be characterized using a Y fiber bundle, a 473 nm blue laser (frequency doubled Nd:YVO 4 ) for dye excitation and a USB4000 Ocean Optics CCD spectrometer, equipped with a long pass filter (500 nm cutoff), for acquisition of emission spectra. The fiber probes were inserted into a test chamber where O 2 /N 2 atmosphere and temperature could be controlled. Different luminescent optrodes were fabricated using either the solution or the drop method or a combination of both.
RESULTS AND DISCUSSION
To test the method versatility, dual indicator probes were fabricated. In particular, a microtip doped with QD was first produced by the drop method. After washing the polymerized tip with ethanol, a second polymerization step took place with the tip immersed in drop of Ru(bpy) doped solution. Overall the fabrication process took less than 2 min. By playing with the exposure time (ranging from 2 s to 20 s) and optical power (from 10 μW to 40 μW measured at the distal tip) the amount of each immobilized doped polymer could be controlled resulting in probes having different emission spectra. This is demonstrated by results in figure 1 where the possibility of controlling the ratio of emission of the two luminophores, with intensity ratios of Ru(bpy) to QD emission (I Ru /I QD ) varying from 0.41 to 1.51, is shown. figure 3 , n of Ru(bpy) a clear wavele figure 3 ).
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CONCLUSION
In conclusion, the results presented clearly demonstrate the possibility of fabricating dual analyte optrodes that can be easily interrogated using spectral of lifetime based methods. The versatility of this technique is compatible with the fast fabrication of multiple indicator probes using diverse fiber geometries establishing a very appealing alternative to other well known techniques. 
